C overt cerebrovascular disease detected on brain magnetic resonance imaging (MRI) is highly prevalent in older adults from the general population.
C overt cerebrovascular disease detected on brain magnetic resonance imaging (MRI) is highly prevalent in older adults from the general population. 1 White-matter hyperintensities (WMHs) and covert brain infarcts (BIs) are among the most studied MRI markers of vascular brain injury and have been shown to substantially increase the risk of stroke in the general population. 2, 3 However, although WMH and BI are thought to mostly reflect cerebral small-vessel disease, comparative association of WMH and BI with differential risk of stroke types and subtypes has not been examined in the general population. 4, 5 In a large population-based cohort of stroke-free older adults, we examined whether WMH burden and BI are prospectively associated with incident ischemic stroke (IS), overall and by subtype, and with incident intracerebral hemorrhage (ICH), and whether WMH and BI characteristics differentially impacted risk of incident stroke types and subtypes.
Materials and Methods
The Three-City (3C) Dijon study is a French population-based cohort study of 4931 community individuals. 6 Our sample consists of 1731 stroke-free participants with MRI data followed up for ≤12 years.
MRI acquisition was performed with a 1.5-T Magnetom Siemens scanner using T1-weighted, T2-weighted, and proton densityweighted sequences. Automated image processing software was developed to detect and localize WMH and measure WMH volume (WMHV). 7, 8 These were classified according to distance to the ventricle as periventricular (<10 mm, periventricular WMHV [PWMHV]) or deep (deep WMHV [DWMHV] ). Covert BIs were defined as focal lesions ≥3 mm with the same signal characteristics as cerebrospinal fluid on all sequences. Lacunes of presumed vascular origin were defined as BI of 3 to 15 mm, located in basal ganglia, brain stem, or subcortical white matter. 9 Incident stroke was defined as a new focal neurological deficit of sudden or rapid onset, of presumed vascular origin, that persisted for >24 hours, or leading to death. An expert panel adjudicated diagnosis of stroke and its types (ischemic, hemorrhagic, and unspecified) and subtypes (cardioembolic, large-artery, and small-artery occlusion IS).
WMHV was examined both as a continuous variable (expressed as a proportion of WM mask volume to account for differences in WM detection mask size) and dichotomized with the top quartile of total, periventricular, and deep WMHV representing extensive total WMHV, extensive DWMHV, and extensive PWMHV.
Associations of WMHV and BI with incident stroke were examined using multivariable Cox regression with age as the time scale, adjusted for sex, education, and the number of cardiovascular risk factors. We also examined modifying effects of hypertension. Analyses were performed using SAS version 9.3 (SAS Institute, Inc, Cary, NC).
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Results
The mean age of participants at the time of MRI was 72±4 years; 61% were women. Risk factor distribution of the study sample is presented in Table I High total WMHV and PWMHV and extensive PWMHV were associated with the risk of both incident stroke types but particularly with ICH versus IS. DWMHV and extensive DWMHV were associated with ICH but not with IS (Table) . When examining IS subtypes, extensive PWMHV was associated with the risk of cardioembolic IS.
Covert BIs were associated with incident ICH but not IS. Lacunes, a BI subtype thought to mostly reflect cerebral small-vessel disease, were associated with both IS and ICH, but the association was considerably stronger for ICH. When examining IS subtypes, lacunes were associated with the risk of small-artery occlusion IS.
There was no evidence of a modifying effect of hypertension in the observed associations between WMHV or BI and incident stroke.
Discussion
Our findings demonstrate that WMHV and lacunes, although associated with increased risk of both stroke types, are associated especially with the risk of ICH in the general population. DWMHV was associated only with increased risk of ICH. Although PWMHV and lacunes were associated with increased risk of both IS and ICH, the risk was twice greater for ICH. Lacunes were associated with small-artery occlusion IS and PWMHV with cardioembolic IS.
Although previous population-based 4 and hospital-based cohorts 10 had reported associations of WMHV and BI with increased risk of ICH, our simultaneous examination of both IS and ICH suggests a stronger association with ICH although confidence intervals overlap. Although we cannot exclude some misclassification bias, with hemorrhagic transformation of IS being classified as ICH, it is also well established that small-vessel disease can lead to both ICH and small-artery occlusion IS (with both showing similar signs of retinal microvascular dysfunction). 11 Cerebral amyloid angiopathy, an important cause of ICH, and hypertension, a major risk factor for both ICH and IS, likely play important mediating roles in these associations. Antithrombotic medications may also contribute to these associations. Our findings emphasize the importance of formally evaluating, in randomized trials, the risk-benefit ratio of prescribing antithrombotic drugs to prevent stroke in patients with covert cerebrovascular disease.
The strongest association of PWMHV with incident cardioembolic IS is intriguing. Atrial fibrillation, the main cause of cardioembolic IS, may partly mediate this association; although mechanisms linking atrial fibrillation to PWMHV are unclear, they may include thromboemboli, chronic cerebral hypoperfusion in case of chronically altered cerebral perfusion, caused by beat-to-beat variation in stroke volume, 12 and possibly shared risk factors, including genetic. 13 PWM may be especially prone to ischemia related to vascular risk factors also predisposing to coronary artery disease.
14 If confirmed in independent studies, our observation may raise the question whether screening for atrial fibrillation should be performed in patients with extensive WMH.
The different association of PWMHV and DWMHV with IS and ICH may point to distinct lesion subtypes as also suggested by differential association with dementia risk. 15 The association of DWMHV with ICH could potentially be attributed to a more prominent distribution of cerebral amyloid angiopathy-related WMH in the deep white matter although this is speculative.
Strengths of this study include the large population-based cohort and long follow-up with prospective ascertainment of stroke, including detailed subtyping. The relatively small number of stroke events remains a limitation.
In conclusion, WMH burden and covert BI are important risk factors for the risk of both incident IS (especially the small-vessel occlusion and cardioembolic) and ICH. In addition to justifying further examination of underlying mechanisms, this may have implications for the clinical management of covert vascular brain lesions. 
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